Abstract Cold-adapted ecosystems are often considered to be stable, species poor, and well protected. However, such ecosystems have been identified as being especially sensitive to threats from global warming. Despite this, recent studies have found low proportions of Red Listed species in these systems. In this study we explored the number of alpine species (dependent on alpine habitats for their survival) and their Red List status in Sweden. We determined the proportion of Red Listed species and explored discrepancies among different groups of organisms in terms of the proportion of Red Listed species and the criteria used for Red Listing. We found a total of 389 alpine species in twelve analyzed species groups. The overall proportion of Red Listed species was 29%, with 15% regarded as threatened. There were substantial differences among taxonomic groups with respect to the proportion of Red Listed species. Among mammals 75% of the species are Red Listed, along with 63% of butterflies and 50% of birds. In addition the single alpine dragonfly species and all three alpine stinging wasp species are also Red Listed. Although beetles, bumblebees and grasshoppers are represented by a total of 17 alpine species, none are Red Listed. In contrast to previous studies, our results show that the proportion of Red Listed species is high in alpine environments, indicating that ecosystems found above the tree line are indeed threatened. No species in Sweden have been Red Listed on the basis of the IUCN criterion E (unfavorable quantitative analysis), this is surprising since entire coldadapted ecosystems are likely to disappear in the future. We highlight the need for a better and more coordinated application of the IUCN criteria, as well as a more stringent strategy to assess the extinction risks for alpine species, thus maintaining reliable Red Lists.
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Introduction
Habitat shifts are occurring at alarming rates all over the globe and changes in ecological systems have been reported across all biomes (Parmesan and Yohe 2003) . To highlight conservation priorities and reduce the rate of extinction, Red Lists of threatened species have been compiled. As a result, Red Lists have become one of the most important tools in modern conservation planning, to a large extent regulating where conservation efforts are directed (Miller et al. 2006; Zamin et al. 2010) . However, Red Lists may be erroneous since taxa with less accurate and less quantitative data are associated with high uncertainty (Lamoreux et al. 2003) . Consequently, conservation planning usually focuses on selected habitats containing large numbers of well-studied groups, while others receive less attention. Cold-adapted ecosystems are generally regarded as well protected and species poor, harboring few Red Listed species. Thus, conservation planning in such ecosystems is far behind that in warmer regions (Christian et al. 2009 ). Although it is commonly considered that cold-adapted ecosystems are robust and change slowly compared to other ecosystems, they are especially sensitive to threats associated with climate change (Kullman 2010) .
Situated above the tree limit, the alpine zone is inhabited by cold-adapted organisms and should be a top priority when studying the effects of climate change (Kullman 2010; Dirnböck et al. 2011) . Habitats in the alpine zone are changing at an alarming rate, as indicated by melting glaciers (Xu et al. 2009 ), disappearing annual snow cover (Serreze et al. 2000) and an overall decrease in alpine flora and fauna. Unfortunately, the ecological consequences of climate change in the alpine zone remain comparatively underreported, despite the fact that abiotic changes in these ecosystems exacerbate those in temperate, tropical and boreal biomes (Post et al. 2009; Dirnböck et al. 2011) . The great lack of knowledge about mountainous regions can potentially lead to substantial problems when assessing the extinction risk for alpine species (cf. Martin-Lopez et al. 2011) . Recently, Red Lists in Finland, Norway and Sweden classified alpine species as being less threatened because alpine environments are under low anthropogenic pressure (Rassi et al. 2010; Kålås et al. 2010; Eide and Aronsson 2010) , although other authors have highlighted the fact that alpine species are highly endangered due to global climate change (Brito et al. 2010; van Swaay et al. 2011) .
In this study we explored the threat status of alpine species, i.e., those dependent on the alpine zone, across a wide range of taxonomic groups. Given the alarming results from global change studies, we aim to answer the following questions: (1) How threatened are alpine species and (2) are there any disparities in threat status among different groups of organisms? We base our study on the Swedish Red List and discuss our results from the perspective of the Red List procedure and other recent Red Lists covering other alpine regions and scales. To our knowledge, this is the first study that explores the threat status of multiple species groups in the alpine zone while taking habitat specialization into account.
Methods

Study area
The alpine zone covers 9% of Sweden's surface area (Anonymous 2008) and ranges from latitude 61°N to 69°N along the Scandes (Scandinavian mountain range; Fig. 1 ). The altitude of the alpine zone depends on latitude and is situated above approximately 1200 m.a.s.l. at 61°N, decreasing to 600 m.a.s.l. at 69°N.
Studied species
A list of organisms that depend on the alpine environment for their long-term survival in Sweden was compiled and, within species groups, the proportions of Red Listed species were compared (Online Resource 1). An extensive literature survey was undertaken and taxonomic experts were contacted. Based upon distribution and ecological characteristics, we identified species that are restricted to the alpine zone. Alpine species were defined as species whose reproduction depends on habitats that only occur above the tree limit (Fig. 1) . We restricted our study strictly to alpine species, under the assumption that habitats in the alpine zone can be expected to suffer the most from future global warming, thus making alpine species the most relevant group to study (Parmesan and Yohe 2003; Kullman 2010; Dirnböck et al. 2011) .
We studied twelve relatively well known groups of organisms (Online Resource 1). In general, we excluded less well known species groups for which less than 80% of the total number of species were evaluated for Red Listening; the one exception was the order Hymenoptera for which only 9.2% of the Swedish species were evaluated. The aculeate wasps are the only of the hymenopterans included in the Red List, since the percentage of evaluated species in this particular group of wasps was 99%, we choose to include hymenoptera in the analysis. The remaining assessed groups in the Red List, which we did not analyze, typically have fewer than 50% evaluated species and are mainly dominated by marine animals. They were not of interest to our study due to the fact that no part of the Swedish alpine environment is located along a coastline. The order Lepidoptera was split into three groups: butterflies, macro moths and smaller moths because of the difference in their ecology and the amount of data that is available for the three groups. Butterflies are diurnal, large and well known species, whereas the smaller moths have received little attention, macro moths can be found somewhere in between these two groups. We are confident that our study covers a high proportion of the total number of Swedish species confined to alpine habitats above the tree line.
Red Listed species were defined as a species classified in any of the following categories: Regionally extinct (RE), critically endangered (CR), endangered (EN), vulnerable (VU), near threatened (NT) and data deficient (DD). Threatened species were defined as species belonging to the Red List categories; critically endangered, endangered and vulnerable (IUCN 2010). The Red List criteria were extracted for all species (except categories RE and DD which lack criteria) (IUCN 2003) . A few species were listed in two criteria. Mace et al. (2008) described five criteria used to define CR, EN and VU species:
A A high rate of decline: an observed, estimated, inferred or suspected population size reduction B A small range combined with a decline: the extent of occurrence severely fragmented or known to exist at only a single location, with a continuing decline in the area of occupancy, extent and/or quality of habitat, number of locations or subpopulations or number of mature individuals, or subject to extreme fluctuations C Small population size combined with decline: an estimated or actual continuing decline or extreme fluctuations in numbers of mature individuals D A very small population size: based on the total number of reproducing individuals E Unfavorable quantitative analysis: based on any form of analysis which estimates the extinction probability. We chose to examine the Swedish Red List because it is up to date and knowledge of species distributions and habitat requirements in Sweden is relatively good for many groups (Ronquist and Gärdenfors 2003; Gärdenfors 2010a, b) . The Swedish Red List is also one of the most extensive Red Lists in the world; 43% of all multicellular organisms occurring in the country (*48,000) have been evaluated in the 2010 version (Gärdenfors 2010a, b) .
Statistics
The proportion of Red Listed alpine species was calculated for each of the groups by dividing the number of Red Listed alpine species by the total number of alpine species. The same approach was used for calculating the proportion of threatened species. Chi square tests were performed to examine statistical differences between the proportions of Red Listed and threatened species in the different groups.
Results
We found a total of 389 species in the groups considered with their distribution restricted to the alpine habitat, of which 114 (29%) were Red Listed and 58 (15%) classified as threatened (Fig. 2a, Online Resource 2). There was a significant difference between the groups in terms of the proportion of Red Listed species (P \ 0.001, v 2 test). Over 15% of the alpine species among all groups, except for beetles, bumblebees and grasshoppers, were Red Listed (Fig. 2a) . The three latter groups contained no Red Listed species. The criteria used for Red Listing differed among the groups (Fig. 2b) : to a large extent, insects were Red Listed because of a limited geographical range (criterion B); whereas mammals and mosses were Red Listed mainly because of small population size (criterion D). For vascular plants, criteria A and D were of equal importance. Birds were the only group for which four criteria (A-D), accounted for their designation, but D was dominant (50%). Criterion E was not applied to any of the Red Listed species.
Discussion
Of the 389 alpine species, 29% (114 species) were Red Listed. Although previous studies have found lower proportions of Red Listed species in the alpine zone (Kålås et al. 2010; Eide and Aronsson 2010) , this was clearly a result of examining all of the species which occupy alpine habitats, and not exclusively alpine species. Among alpine dragonflies, solitary bees, mammals, butterflies and birds, more than 50% of the species are Red Listed. The Red List status of alpine mammals and birds is supported by records of declining populations (Korpimäki et al. 2004; Lindström et al. 2008) .
It is well known that most alpine species: (i) occur in an extreme environment with unpredictable weather and high climatic variability; (ii) exhibit dramatic yearly population fluctuations; (iii) occupy naturally fragmented habitats; (iv) often are restricted to particular elevations; and (v) have restricted ranges. These five factors are important criteria in the Red Listing procedure and are associated with increased vulnerability and extinction risk (IUCN 2003; Kotiaho et al. 2005) . Furthermore, since entire cold-adapted ecosystems are likely to disappear in the future, criterion E could be applicable to species restricted to these habitats. It is difficult to explain why mosses are mainly listed because of small population sizes (criterion D) and insects mainly because of range size (criterion B). Logic suggests that criteria A and E should be dominant. For birds the A-D criteria have been applied more widely, but criterion E is still missing in the listing for this group (Fig. 2b) . It was surprising to find that criterion E (quantitative analysis) has never been applied in the Red Listing procedure for alpine species in Sweden (IUCN 2003 (IUCN , 2010 . Given the rapid changes in the alpine environment in Sweden, with increased forest cover, melting glaciers and rising temperatures, criterion E could be applied. Criterion E clearly provides Red List assessors with the opportunity to take predicted future changes into account. For European butterflies, for example, high climatic risk species have been identified (Settele et al. 2008 ). This approach could also have been used, at least for butterfly species, in Sweden. At the European scale, however, a similar proportion of alpine butterflies are Red Listed as in Sweden, despite the differing listing criteria (van Swaay et al. 2011 ). In addition, subcriteria A3, A4 and B2 permit climate change to be taken into account as a possible threat leading to future population reductions (criterion A) and/or reduction in habitat quality (criterion B). There has already been a decline in the extent of available habitats for many alpine species and this trend is expected to continue. It seems that expected changes in alpine environments have not been properly considered during the Red Listing procedure in Sweden. Red Lists from Finland and Norway show a comparably high number of alpine species with the Swedish one (Kålås et al. 2010; Rassi et al. 2010) and it seems that the confusion surrounding which criteria to use for species threatened by climate change is not a problem unique to the Swedish List. Indeed, neither Norway nor Finland has applied the criterion E (quantitative analysis) for their alpine threatened species.
Our result clearly shows that alpine species are indeed highly threatened and the proportion of Red Listed species seems to be higher than in other habitats (Gärdenfors 2010a, b) . Those species with the smallest worldwide range should have a higher conservation priority and can be expected to be more sensitive to future global climate change (Saetersdal et al. 1998) . Some alpine species have their worldwide range restricted to a few countries, but are not Red Listed, such as the butterfly Boloria napaea and the beetle Agabus thomsoni. We believe that our results reflect the general situation, and that high proportions of alpine species are threatened by extinction elsewhere. High proportions of alpine species should be Red Listed in other regions as well, since the negative effects of climate change are global (Parmesan and Yohe 2003) .
We found large discrepancies in the proportion of Red Listed species among different taxonomic groups. The single alpine dragonfly species and the three alpine solitary wasp species are all Red Listed, while we found no Red Listed beetle, bumblebee or grasshopper species (Fig. 2a) . The proportion of Red Listed alpine beetles in Sweden is noticeably low. We identified eleven beetle species confined to the alpine zone, although none of them are Red Listed. This is remarkable given that several species-poor groups, for which extensive background information is lacking, such as solitary bees and microlepidoptera, had a relatively high proportion of Red Listed species. It is also interesting to note that mosses and solitary bees are the only groups containing a high number of species assigned to the Red List category ''data deficient''. This mainly reflects the fact that few people study these groups in alpine habitats and that data on their status is scarce. In general, information on most invertebrate groups is also limited but, despite this, few species are placed in the ''data deficient'' category; this is in sharp contrast to the mosses, which are also poorly studied (Hallingbäck 2007) .
It is difficult to explain the differences in the proportion of Red Listed species among groups (Fig. 2) . Specific life history traits, range size or population trends do not appear to influence the proportion of Red Listed species. Rather, a combination of factors seems to explain the differences among the organism groups: (i) there are different opinions among expert committees on how to treat threats to alpine species (especially from climate change); (ii) knowledge about species ranges and population trends varies among groups; and (iii) mammals and birds may contain a larger proportion of threatened species, resulting from elevated threats from prior hunting. Interestingly, the Red List seems to neglect some groups, indicating that experts treat groups differently. Climatic risk species must be scientifically identified and they must be carefully assessed during the Red Listing procedure. Even if there was a Red List coordinator in Sweden who supervises the Red List assessments of the different taxonomic groups, climate risk species are among the most difficult to assess. Clear recommendations must be given by a coordinator in order to help the expert groups to reach a general consensus on how to treat threats to biodiversity in alpine regions. This highlights the need for stronger collaboration between taxonomic experts, which would be beneficial from many different perspectives and would certainly increase the quality and consistency of the Red List.
Sweden is regarded as one of the most thoroughly studied countries in the world with respect to biodiversity. However, available information on alpine areas remains surprisingly poor for many groups (see Online Resource 1). Thus, it is arguable that the precautionary principle should be applied to all alpine species and strict guidelines should be established. It is crucial to begin long term monitoring of alpine environments in order to increase knowledge of population trends and habitat requirements, independent of region and taxonomic group. For instance the ''data deficient'' category is appropriate for many species where data on distribution and ecological requirements is limited, but is currently only applied to mosses and solitary bees. The relative importance of single species that support ecosystem functions can be expected to be greater in low diversity ecosystems; there is little functional redundancy among species in alpine ecosystems (Post et al. 2009 ). Therefore, extirpation or range shifts at high altitudes or latitudes may precipitate larger and more fundamental changes in ecosystem dynamics compared to those associated with more species rich ecosystems, where loss of species may have fewer immediate consequences for ecosystem functioning (Ims et al. 2008) .
Consequently, it seems clear that comparisons that treat all species as having equal conservation value can lead to misinterpretations, as demonstrated in previous studies of alpine species. While it is expected that higher altitudes will be colonized by low altitude species, the proportion of alpine species will be lower if all species are compared. We conclude that habitat specialists deserve greater attention and should be prioritized in future conservation work.
How should we conserve cold-adapted ecosystems? Our study offers no answer to this question and conservation of such ecosystems is certainly a major challenge since the threats mainly come from increased economic growth and urbanization, which result in a steady increase in the emission of carbon gases. Naturally, it is urgent to reduce the amount of carbon gases released into the atmosphere and it is of utmost importance that a new global agreement is reached on how this should be achieved, as the Kyoto protocol ends in 2012. It is also crucial that conservationists consider areas that are currently so cold that they cannot harbor any species. These areas will progressively become more important for cold-adapted species. On the other hand, many of these areas may be too isolated and inaccessible for the often very local alpine species. One exception may be the mobile groups such as bryophytes and bumblebees, which may have the capacity to colonize suitable areas (Walther-Hellwig and Frankl 2000; Löbell et al. 2009 ).
Given that the Red Listing procedure in Sweden aims to evaluate all organisms following general criteria provided by IUCN (2003 IUCN ( , 2010 , we originally thought it would be possible to compare the proportion of Red Listed species among different taxonomic groups. Unfortunately this was not possible, mainly because it seems that the criteria are applied differently to different taxonomic groups. Thus, a more coordinated application of the IUCN criteria is required in Sweden, and potentially in other regions as well, to address the demanding climatic risk species. Indeed by doing so, it would be possible to assess alpine species more ''easily'' during the Red Listing procedure. As mentioned earlier, practical conservation efforts in cold-adapted ecosystems lag far behind those in other systems and we suggest that conservation measures similar to those that have been undertaken in other ecosystems, such as restoration and disturbance, should also be performed and evaluated in cold-adapted systems.
